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AssessmentDeficiencies in calcium (Ca) andmagnesium (Mg) are associated with various complications
during pregnancy. To test the hypothesis that the status of these minerals is inadequate in
pregnancy, a cross-sectional study was conducted of the dietary intake and status of Ca and
Mg in pregnant women (n = 50) attending a general public university hospital in Brazil.
Dietary intake was assessed from 4-day food records; levels of plasma Mg, erythrocyte Mg,
and urinary Ca andMg excretionwere determined by flame atomic absorption spectroscopy;
and type I collagen C-telopeptides were evaluated by enzyme-linked immunosorbent assay.
Probabilities of inadequate Ca and Mg intake were exhibited by 58 and 98% of the study
population, respectively. The mean levels of urinary Ca and Mg excretion were 8.55 and 3.77
mmol/L, respectively. Plasma C-telopeptides, plasma Mg, and erythrocyte Mg were within
normal levels. Multiple linear regression analysis revealed positive relationships among
urinary Ca excretion, Ca intake (P = .002) and urinary Mg excretion (P < .001) and between
erythrocyte Mg and Mg intake (P = .023). It is concluded that the Ca and Mg status of
participants was adequate even though the intake of Ca and Mg was lower than the
recommended level.




Pregnancy represents a period of physiological adaptation in
order to fulfill the increased metabolic demands of the
growing fetus and the later process of lactation. In spite of
such adaptation, pregnant women are potentially vulnerable
to multiple mineral deficiencies that can result in adverse
consequences, including maternal anemia and low birth
weight of the neonate [1,2]. In this context, some studies, calcium; CTX, type I co
o Paulo, Faculdade de C
of. Lineu Prestes, 580, Bl. 1
he Elsevier OA license.have indicated associations between inadequate intake of
calcium (Ca) or magnesium (Mg) and high blood pressure,
preterm delivery, and intrauterine growth retardation [3–5].
Nevertheless, few researchers have focused onmineral intake
in association with biochemical analyses for the evaluation of
Ca and Mg status in pregnancy, even if the findings could
assist in the interpretation of available date [6–8].
The evaluation of mineral status is not a simple process,
however, and depends on 3 key considerations. Firstly, thellagen C-telopeptide; EAR, estimated average requirement; Mg,
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method for food assessment and a reliable food composition
table in order to acquire accurate consumption data and to
establish dietary references. The second issue relates to the
availability of reliable biochemical parameters. In the case of
Ca, serum concentration, urinary excretion, and biochemical
markers of bone remodeling can be used, whereas for Mg,
serum concentration is most commonly employed, followed
by urinary excretion, erythrocyte Mg, lymphocyte Mg and, in
rare cases, Mg load test and bone andmuscle Mg [9]. The third
problem is understanding the role of these minerals in the
context of the physiological particularities in pregnancy [1,2].
The aim of the present study was to test the hypothesis
that Ca and Mg status is inadequate in pregnancy. Because
epidemiological data concerning Ca status in pregnant
women in Brazil are scarce [7,10], whereas those relating to
Mg are unavailable, we undertook the task of evaluating
dietary intake and Ca and Mg status in expectant mothers
attending a general public university hospital in Brazil to
investigate the relationship between Ca and Mg status.2. Methods and materials
All procedures were approved by the Ethics Committees in
Research from the University Hospital and the Faculty of
Pharmaceutical Sciences, University of São Paulo, São Paulo,
Brazil (CAAE # 0064.0.198.018-07). All participants signed a
consent form prior to the study.
2.1. Study population
The cross-sectional study was carried out at a public hospital
in Brazil between April and October 2008. The sample size
(n = 50) was calculated considering statistically significant
values of Pearson correlations greater than 0.30 and adopting a
level of significance of 5%.
Participants were selected consecutively on the basis of
their medical records according to the following inclusion
criteria: (a) presenting third trimester of pregnancy with no
apparent complications, and (b) absence of kidney, thyroid, or
cardiovascular diseases; type 1, 2, or gestational diabetes;
hypertension before or during pregnancy; multiple gestation
or prolonged immobilization before pregnancy. Participants
received supplementary iron (60 mg elemental iron) and folic
acid (5 mg) once a day as recommended by the Brazilian
Ministry of Health [11]. With assistance from a trained
researcher, selected participants answered a questionnaire
that included thematic sections concerning demographic
characteristics (ie, age, household income, education, and
occupation) and details of their pregnancy (ie, weeks of
pregnancy and number of pregnancies).
2.2. Anthropometric measurements
Anthropometric measurements were taken during the third
trimester of pregnancy with the subject bare footed and
wearing light clothes. Weight and height were assessed with
precisions of 100 g and 0.01 cm, respectively. Body mass index
(BMI) was calculated as the quotient of weight and square ofheight (kg/m2). Maternal nutritional status was determined
from week of pregnancy and BMI [12] as recommended by the
Brazilian Ministry of Health [11].
2.3. Food intake
The intake of food was evaluated from 4-day food records
completed by participants, with assistance from a trained
nutritionist, on alternate days that included a Saturday or a
Sunday. Data were analyzed using the NutriQuanti On-line
Computerized System [13]. Dietary intakes were adjusted
according to total energy intake, calculated by the residual
method [14] and to intra-individual variation [15].
The recommendations proposed by the dietary reference
intakes were employed in the estimation of Ca and Mg intake.
The probability of inadequate Ca and Mg intake was deter-
mined from the ratioD/SDD, whereD is the difference between
the average intake by an individual and the estimated average
requirement (EAR) according to age and physiological state
(pregnancy), and SDD is the standard deviation ofD, calculated
by taking into account the SD of the intake distribution of the
reference group and the SD of the data obtained from the
4-day food record [16–18].
2.4. Sample collection
Blood and 24-hour urine samples were employed in the
assessment of Ca and Mg status. Venus blood samples were
collected from participants after 8 hours of fasting and
transferred to demineralized tubes containing anticoagulant.
Plasma and erythrocytes were separated by centrifugation,
and the erythrocytes were washed 3 times in NaCl solution
(0.9%, w/v) before re-centrifugation. Participants were
requested to collect a 24-hour urine sample on the day before
blood collection. Urine was collected in demineralized bottles
from 6 AM (including morning urination) to 6 AM the following
day, and samples were stored at −20°C until analysis.
2.5. Biochemical analyses
Bone resorption was evaluated from the amount of type I
collagen C-telopeptides (CTX) in plasma as determined using
Serum CrossLaps enzyme-linked immunosorbent assay kits
(Nordic Bioscience Diagnostics A/S, Herlev, Denmark). The
level of CTX was obtained by extrapolating the average of
duplicate readings against a standard curve constructed in
the concentration range 0 to 2.988 ng/mL. The normal range
for plasma CTX in women was taken to be 0.112 to 0.738
ng/mL [19].
The levels of Mg in plasma and erythrocytes, and the
excretion of Ca and Mg in urine, were determined by flame
atomic absorption spectroscopy (AAnalyst 100; Perkin Elmer,
Norwalk, CT, USA). La2O3 was added to all standard and
sample solutions prior to analysis. Standard curves were
constructed using CaCl2 or MgCl2 (Titrisol; Merck, Darmstadt,
Germany) in the concentration range 0.05 to 5 μg/mL [20]. The
certified standard Trace Element Serum L1 (Seronorm, Bill-
ingstad, Norway) was used for plasma analyses, while urine
and erythrocyte pools were employed as secondary standards.
All items of glassware employed in the analyses were
Table 1 – Characteristics of the population of pregnant
women (n = 50)
Variables Mean ± SD % n
Age (y) 28.1 ± 5.9
Week of pregnancy 29.9 ± 3.8
Household income
(minimum Brazilian salary/month) a
5.0 ± 2.1
Level of education
Primary school or lower 12.0 6
Middle school 44.0 22









Weight in the third trimester
of pregnancy (kg)
70.6 ± 11.5
Height in the third trimester
of pregnancy (m)
1.6 ± 0.1
BMI in the third trimester
of pregnancy (kg/m2)
27.8 ± 4.5
Maternal nutritional status b




a US $296.50 (at the time of the study).
b Maternal nutritional status was determined from week of
pregnancy and BMI [12].
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pregnant women, normal adult values were adopted for
urinary Ca excretion (3.74-7.50 mmol/L) [21], urinary Mg
excretion (3.00-5.00 mmol/L) and erythrocyte Mg (1.65-2.65
mmol/L) [22]. The normal range for plasma Mg in pregnant
women was taken as 0.63 to 0.91 mmol/L [23].
2.6. Statistical analyses
Statistical analyses were performed using the Statistical
Package for Social Sciences (Windows version 11.5; SPSS,
Chicago, IL). Data are presented as mean ± SD. All variables
were normally distributed according to the Kolmogorov-
Smirnov test. Multiple linear regression analyses were
employed to determine the relationships between the depen-
dent variables (a) urinary Ca excretion and (b) erythrocyte Mg,
and the corresponding sets of independent variables, namely,
(a) age, household income, number of pregnancies, BMI, CTX,
Ca and Mg intakes, urinary Mg excretion, plasma Mg, and
erythrocyte Mg, and (b) age, household income, number of
pregnancies, BMI, CTX, Ca intake, urinary Ca excretion, Mg
intake, urinary Mg excretion and plasma Mg. Urinary Ca
excretion was chosen for regression analysis because the
variable CTX did not show any dependence on the other
studied parameters. Erythrocyte Mg was chosen since it may
reflect Mg status over a longer period. The initial models
included all of the independent variables, and stepwise
selection was employed subsequently in order to add or
remove variables. The final models retained only those
variables that maintained an association with the dependent
variables at lower than 5% level of significance. Data of the
multiple linear regression analyses are presented as unstan-
dardized regression coefficient (B), SE, 95% confidence interval
(CI), and coefficient of determination (R2).Fig. 1 – Distribution of pregnant women (n = 50) according to
the probability of adequacy and inadequacy of Mg and Ca
intake based on dietary reference intake methodology [18].
Adjusted values and reference percentiles (P) are shown.
RDA, Recommendation Dietary Allowance; D, difference
between the mean Mg intake for an individual and the EAR.3. Results
Thebaseline characteristics of the study population are shown
in Table 1. The mean age of the participants was 28.1 ± 5.9
years, the average gestational age was 29.9 ± 3.8 weeks, and
56% of the participants were primiparous. Most women (88%)
had middle or high school education and their average
household income was 5.0 ± 2.1 times the minimum Brazilian
salary (equivalent to US $296.50 at the time of the study). Fifty-
two percent of the participants were overweight or obese
according to BMI values.
The mean dietary Ca intake of the study population was
613.80 mg/d. Most subjects (58%) presented probabilities of Ca
intake below the 15th percentile, although that of one
participant was above the 85th percentile. All subjects had
Mg intake levels (180.50 mg/d) that were lower than the EAR.
Ninety-eight percent of the study population had probabilities
of Mg intake lower than the 15th percentile (Fig. 1 and Table 2).
All participants showed plasma CTX values within the
reference interval. Fifty two percent of the subjects exhibited
hypercalciuria, while 40% presented hypomagnesuria. Plas-
ma Mg and erythrocyte Mg levels were generally normal,
although one participant showed a reduced level of erythro-
cyte Mg (Table 2).Stepwise multiple linear regression analyses revealed sig-
nificant positive relationships among urinary Ca excretion, Ca
intake (B = 0.009; 95% CI = 0.003-0.015; P = 0.002) and urinary Mg
excretion (B = 1.428; 95% CI = 0.919-1.937; P < .001), and between
erythrocyteMgandMg intake (B= 0.008; 95%CI = 0.001-0.014; P=
.023). The final models showed that Ca intake and urinary Mg
excretion explained 51.2% of the variance in urinary Ca
Table 2 – Dietary and biochemical characteristics of the
population of pregnant women (n = 50)
Variables Units Mean ± SD
Diet
Ca intake mmol/d 15.32 ± 4.41
mg/d 613.80 ± 176.90
Mg intake mmol/d 7.43 ± 0.49
mg/d 180.50 ± 11.90
Urine (24-h sample)
Urinary Ca excretion a mmol/d 8.55 ± 4.80
mg/d 342.75 ± 192.61
Urinary Mg excretion b mmol/d 3.77 ± 1.96
mg/d 91.60 ± 47.64
Blood analyses
Plasma CTXc ng/mL 0.292 ± 0.135
Plasma Mgd mmol/L 0.88 ± 0.19
mg/dL 2.16 ± 0.46
Erythrocyte Mge mmol/L 2.15 ± 0.28
mg/dL 5.22 ± 0.68
a Reference value: 3.74-7.50 mmol/L [21].
b Reference value: 3.00-5.00 mmol/L [22].
c Reference value: 0.112-0.738 ng/mL [19].
d Reference value for pregnant women: 0.63-0.91 mmol/L [23].
e Reference value for adults: 1.65-2.65 mmol/L [22].
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10.3% of the variance in erythrocyte Mg (R2 = 0.103) (Table 3).4. Discussion
The findings reportedherein reveal inadequate intakeofCaand
hypercalciuria in the study population of pregnantwomen, but
with CTX levelswithin the normal range. All of the participants
showed Mg intake below the EAR and 40% presented hypo-
magnesuria. However, the plasma Mg and erythrocyte Mg
levels of the study population were within the normal range.
Based on these findings, the hypothesis that Ca and Mg status
is inadequate in pregnant women must be rejected.
In previous studies, increases in the levels of CTX and of
other bone resorption markers have been observed after the
35th week of pregnancy, with 80% of the Ca transferred being
utilized in the formation of fetal bone [24,25]. However, no
alterations in CTX levels were observed in the population of
pregnantwomen studied herein at the 29thweek of pregnancy.Table 3 – Stepwise multiple linear regression analysis consider
variables
Dependent variables Independent variables
Urinary Ca excretion (mmol/L) a Ca intake (mg/d)
Urinary Mg excretion (mmol/L)
Constant
Erythrocyte Mg (mmol/L) b Mg intake (mg/d)
Constant
a Independent variables included in the initial model: age, household inc
telopeptides), Ca and Mg intake, urinary Mg excretion, plasma Mg, erythr
b Independent variables included in the initial model: age, household inco
urinary Ca excretion, urinary Mg excretion and plasma Mg.The linear regression analyses carried out in the present
study revealed significant positive relationships among urinary
Ca excretion, Ca intake, and urinary Mg excretion. The well-
describedhypercalciuriaofpregnancy [6,26]mayresult fromthe
combination of increased glomerular filtration rate (25%-50%)
and intestinal Ca absorption [27]. Although the mechanism
involved in hypercalciuria is not completely understood, it is
possible that some hormones act to increase the production of
1,25-dihydroxyvitamin D, thereby stimulating the intestinal
absorption of dietary Ca resulting in increased Ca excretion that
is characteristic of absorptive hypercalciuria [6]. Furthermore,
hypercalciuria can lead to the formation of kidney stones, a
process that is inhibitedby the increaseofurinaryMgandcitrate
excretion [26,28]. On this basis, the observed association
betweenurinaryCaandMgexcretionwasasexpected, although
it should be emphasized that hypermagnesuria was not
observed in the present study.
Although Ca intake of the study population was lower than
the recommended EAR (800 mg/d), linear regression analysis
revealed a positive association between urinary Ca excretion
and Ca intake, possibly because of higher intestinal Ca
absorption [27]. This finding may indicate that the level of
Ca intake, which was higher than values determined in earlier
studies conducted in Brazil [7,10,29], was sufficient for pregnant
women to maintain their normal physiological functions.
No reports are available concerning Mg intake in pregnant
women in Brazil, but the intake values recorded in the present
study were lower than those reported in studies conducted in
other countries [30,31]. The normal levels of plasma Mg and
erythrocyte Mg detected in the present study were apparently
maintained through hypomagnesuria. Magnesium homeostasis
is regulatedmainly by the kidney, thus, if the intake ofMg is low,
the kidney increases Mg reabsorption in order to maintain the
body pool of Mg, mainly in the plasma [8]. Analogous mecha-
nisms of kidney resorption are also associatedwith hypomagne-
suria andhypocalciuria in hypertensive pregnantwomen [32,33].
Inaddition tourinaryMgexcretion, it is likely that erythrocyte
Mg also reflects alterations in dietary intake, as demonstrated by
the observed positive relationship between erythrocyte Mg and
Mg intake. It is known that erythrocytes, which have half-life of
120 days, can express long-term alterations in Mg status [9].
A possible limitation of the present investigation relates to
themethodof assessmentof dietary intake,which is susceptible
to randomand systematic errors. In the study, pregnantwomen
receivedadvice fromatrainednutritionistduring thepreparationing urinary Ca excretion and erythrocyte Mg as dependent
B ± SE 95% CI P R2
0.009 ± 0.003 0.003 0.015 .002 0.512
1.428 ± 0.253 0.919 1.937 <.001
−2.373 ± 1.892 −6.179 1.433 .216
0.008 ± 0.003 0.001 0.014 .023 0.103
0.787 ± 0.580 −0.380 1.953 .182
ome, number of pregnancies, body mass index; CTX (type I collagen C
ocyte Mg.
me, number of pregnancies, bodymass index; CTX, Ca andMg intake,
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adjusted on the basis of energy intake and intra-individual
variation. However, published reference values for biochemical
parameters inpregnantwomenaresomewhat limited, especially
those relating to different trimesters of pregnancy and to
physiological particularities, such as hemodilution.
In conclusion, despite the low intake of Ca and Mg by the
study population, no alterations were detected in the levels of
plasma CTX, plasma Mg or erythrocyte Mg levels in the
presence of hypercalciuria and hypomagnesuria in pregnant
women. Hypomagnesuria is likely to have contributed to the
maintenance of normal plasma and erythrocyte Mg levels in
the study population. The relationships established between
Ca and Mgmay help to understand the complex physiological
adaptations that are involved in the metabolism of these
minerals during pregnancy.
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